We discuss how to classify the cs meson DsJ (3040) recently discovered by the BaBar Collaboration. We consider four possible assignments, together with signatures useful to distinguish among them.
. p-wave states, with ℓ = 1, form two doublets: (P * 0 , P ′ 1 ) with J P s ℓ = (0 + , 1 + ) 1/2 , and (P 1 , P * 2 ) with J P s ℓ = (1 + , 2 + ) 3/2 . For ℓ = 2, d-wave states give rise to other two doublets: (P = (2 − , 3 − ) 5/2 . The construction proceeds further, and has been successfully applied to classify beauty mesons, as well as mesons with a charmed quark, albeit in the latter case the finite heavy quark mass corrections can be important.
In the case of cs mesons, both the lowest lying states, both the radial excitations (whose members of the various doublets we denote by a tilde) can be described using this classification scheme. Among the known cs hadrons, the two mesons D s (1969) and D * s (2112) fill the doublet with J [2] , and their classification has been the subject of discussions [3] ).
More recently, other candidates have been added to this list: D sJ (2860), discovered by the BaBar Collaboration [4] , and D sJ (2710), discovered by the Belle and BaBar Collaborations [4, 5] , both observed in the DK final state. In the case of D sJ (2710), it has been possible to determine the spin-parity: J P = 1 − , studying its production in B decays. As for D sJ (2860), the assignments J P = 3 − , with radial quantum number n = 1 [6] , and J P = 0 + , with n = 2 (i.e. the first radial excitation of D sJ (2317)) [7] have been proposed soon after the discovery.
The latest piece of information comes from the BaBar Collaboration [8] , thanks to a new analysis of DK and D * K final states. D sJ (2710) and D sJ (2860) are seen decaying to both DK and D * K, hence they have natural parity
cludes the assignment J P = 0 + for D sJ (2860). Other information comes from the measurement of the ratios
where D ( * ) K is the sum over the final states
Comparing these data with the predictions in [9] , it seems very likely that D sJ (2710) is the first radial excitation of D * s (2112), while the case of D sJ (2860) requires further study since the measured ratio in (1) is larger than the theoretical prediction
≃ 0.39 [10] .
In the same analysis, the BaBar Collaboration observed another broad structure in the D * K distribution, D sJ (3040), with [8] M (D sJ (3040)) = 3044 ± 8 stat (
Studies of angular distributions for this state have not been attempted, due to the limited statistics. Here we discuss possible classifications for this new cs meson using the only information available, the measured mass, width and decay mode, together with the full set of information concerning the other levels/doublets.
Since D sJ (3040) decays to D * K and not to DK , it has unnatural parity, with possible sponds to a doublet with s ℓ = 7 2 , which is expected to be heavier). In the case of radial excitations, the identification with the states with n = 2, J P = 1 + , and
(the mesonD s1 ) is possible.
These four assignments are indicated in Table I which reports the classification of all the other known cs mesons 
(D sJ (2860) has been assigned to the s ℓ = 5 2 doublet, with a question mark since confirmation is needed). Some indications about the masses of these states come from potential model calculations. For example, in Ref. [11] the spectrum of heavy-light mesons is computed in the framework of a relativistic quark model (RQM), with results: The four classifications for D sJ (3040) in Table I can be discussed computing the allowed strong decays. To this purpose, we work in the heavy quark limit in which the various spin doublets are described by effective fields: 
with the various operators annihilating mesons of fourvelocity v which is conserved in strong interaction processes (the heavy field operators contain a factor √ m P and have dimension 3/2).
Let us consider decays with the emission of a light pseudoscalar meson. The octet of light pseudoscalar mesons is introduced considering the fields: ξ = e iM fπ , Σ = ξ 2 , and the matrix M containing π, K and η fields (f π = 132 MeV):
At the leading order in the heavy quark mass and light meson momentum expansion, the decays F → HM (F = H, S, T, X, X ′ and M a light pseudoscalar meson) are described by the Lagrangian interaction terms [12] :
where 
With the effective Lagrangians in Eq. (7) we can evaluate the strong decays of D sJ (3040) to a charmed meson and a light pseudoscalar one in correspondence to the four classifications in Table I . In particular, the ratio
(
can be computed, with results for the various assignments:
It is important to notice that the dependence on the effective couplings cancels in the ratio. The spread among the various predictions permits to discriminate among the assignments, in particular betweenD Other kinematically allowed modes of D sJ (3040) are those with the emission of a light vector meson, specifically decays into DK * or D s φ [19] . It is possible to describe such decay modes using an approach based on effective Lagrangian terms analogous to the one followed above. In the case of light vector mesons in the final state, the method has been developed in Ref. [13] on the basis on the hidden gauge symmetry idea [14] . We refer to the review [15] for a detailed description; here we only mention that in this approach the octet of light vector mesons is described by the field ρ µ = i g V √ 2ρ µ , whereρ µ is a hermitian 3 × 3 matrix analogous to (5), containing the light vector meson fields ρ ±,0 , K * ± , K * 0 ,K * 0 , ω 8 . The constant g V can be fixed to the value g V = 5.8 by the Kawarabayashi-Sukuzi, Riazuddin-Fayyazuddin relations [16] .
In Ref. [15] the effective Lagrangian terms describing the transitions S → HV and T → HV are reported, S and H representing the heavy doublets S a and H a in Eq. (4) and V denoting a generic light vector meson. They read:
, and ζ S,T , µ S,T are effective coupling constants, and the field strength tensor
The calculation of all possible decay modes for each one of the four classifications of D sJ (3040) would require the values of several coupling constants, which are unknown. Nevertheless, some conclusions can be drawn.
One can estimate the widths of the decays into DK * and D s φ for the two J P = 1 + states by the effective Lagrangians in (10) using the values of ζ and µ: ζ S = 0.10 and µ S = −0.10 GeV −1 computed for the analogous transitions involving the heavy mesons belonging to the lowest-lying doublet [15] . This provides us with hints about the contribution of such modes to the total width of D sJ (3040) in the case it is eitherD ′ s1 orD s1 (in the case of D s2 and D * ′ s2 these decays proceed in p-wave and hence they are expected to contribute less significantly):
It can be noticed that the contribution of these modes to the full width should be sizable only in the case ofD ′ s1 ; therefore, this assignment can be disentangled through the experimental analysis of the DK * and D s φ decay channels.
After having discussed four possible classifications for D sJ (3040), it is interesting to consider some features of its spin partner in the various cases [20] . 
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spin partner isD * s0 , a J P = 0 + state, the first radial excitation of D sJ (2317). This state can decay to DK and D s η in s-wave; p-wave decays to D ′ 1 K and D 1 K are also allowed.
• If D sJ (3040) isD s1 (s •
and to D
Since D sJ (3040) has a broad width, we expect that also its spin partner shares the same feature. Considering the previous list, we can argue thatD * s0 is broad due to its s-wave decays into DK and D s η. Also D * s1 has allowed s-wave decays, but only to D 1 K which is suppressed by phase space effects.
The identification of D sJ (3040) withD ′ s1 is supported in Refs. [17, 18] on the basis of the cs mass spectrum [17] or of the decay widths computed in the 3 P 0 model [18] . In the second case, the identification withD To summarize the results of our considerations and compare the distinctive features of the four proposed assignments for D sJ (3040) (illustrated in Fig.1 in which all the known cs states have been included), we collect our findings and observations in Table II . In particular, we emphasize the role of the final states DK * and D s φ, which deserve an experimental investigation. Moreover, although the identification with a J P = 2 − s P ℓ = 3 2 − state seems less probable, this assignment can be discarded/confirmed studying the D * 2 K s−wave final state. Search of the spin partner in each doublet would provide further information, enriching the cs spectrum recently disclosed by experiments.
